INTRODUCTION
The interaction of noise exposure with other variables has been a topic of interest for several decades. Some of the other variables that have been examined include additional simultaneous or successive exposures to: ( 1 ) noise of similar or different types (e.g., steady-state and impulse noise); (2) ototoxic drugs (e.g., kanamycin, aspirin); and (3) wholebody vibration. The interaction of noise exposure with the physical characteristics of the individual has also attracted varying degrees of interest from the scientific and medical communities. Personal characteristics receiving the greatest attention in this regard have been age, pre-existing hearing loss, eye color, and skin pigmentation. Humes (1984) has provided a comprehensive critical review of the work in this area. In the years following the publication of this review, only a small number of additional studies have been published and few, if any, of the conclusions reached in the previous review require modification at this time.
Since the publication of the review by Humes (1984) , however, considerable information has been gathered on the rules used to estimate the combined effects of two thresholdelevating ototraumatic agent•. In the next gection, a model ig described that can be used to predict the sum of two threshold elevations. Frequently, in research exploring the interactions of noise exposure with some other variable, the other variable also produces an elevation of behavioral threshold.
Behavioral threshold measurements are used almost exclusively when examining the interactive effects of noise with other variables in human subjects.
In the area of "interactions" research, one is interested in rules that can be used to combine threshold shifts so that the actual threshold shift from the combined exposure can be interpreted appropriately. Noise A and drug B, for example, may each produce a 15-dB threshold elevation when administered separately. If the resulting threshold elevation from the combined exposure is less than 15 dB, then a protective interaction has occurred between the noise and the drug. If the combined exposure results in a 15-dB threshold elevation, then no interaction between agents is assumed. If the threshold elevation for the combined exposure exceeds 15 dB, then some potentiation of the noise by the drug (or the drug by the noise) has taken place. One simple and obvious form of potentiation is the case of additivity in which the result for the combined exposure is the simple sum of each agent acting separately. Addition of threshold elevations is not a simple process, however, as is demonstrated in the next section.
I. THE MODIFIED POWER-LAW MODEL
A recently developed model, referred to as the modified power-law model, appears to be an accurate predictor of the additivity of masking in normal ears (Humes and Jesteadt, 1989 ) and the additivity of masked and quiet thresholds in impaired ear• ( Humes at al., 19g 8) . Briefly, the model mainrains that threshold sound levels, or their corresponding sound intensities, are not themselves linearly additive. Rather, simple additivity holds after the threshold has been nonlinearly transformed to a quantity corresponding to the internal effect associated with the threshold-level stimulus.
This notion was first proposed by Penner (1980) Two alternatives to the nonlinear power-law model that have been considered previously in the interpretation of the interactions of two threshold-elevating agents deserve mention. One model, referred to here as the linear power-summation model, maintains that the threshold shifts resulting from the combined exposure to two threshold-elevating agents is simply the linear sum of the threshold sound powers [in terms of Eq. (1), P = 1.0]. Given two thresholdelevating agents, each producing a threshold of 35 dB SPL, as for T, and Ta in the previous example, the linear powersummation model predicts a 3-dB increase in threshold to a value of 38 dB SPL. This model predicts much less interaction between agents than the modified power-law model.
Another model, common to the literature on noise-induced hearing loss, is one that we refer to here as the dBsummation model. Quite simply, the dB-sum model indicates that the combined effect of two threshold-elevating agents is the sum of the individual thresholds. Again, given two thresholds of 35 dB SPL, each resulting from the administration of an independent threshold-elevating agent, the dB-sum model predicts a threshold of 70 dB SPL for the combined exposure to both agents. Generally, the dB-sum model predicts more interaction between agents than the modified power-law model. It has been known for some time that the temporary threshold shift (TTS) observed after a given exposure to intense sound decreases as the hearing loss measured before exposure increases. Data from Ward ( 
III. INTERACTION OF NOISE-INDUCED TTSs
The modified power-law model can also be applied to estimate the combined effects of sequential noise exposures. 
IV. INTERACTION OF TTSs FROM NOISE AND OTHER OTOTRAUMATIC AGENTS
In this section, application of the model to data on the interaction of noise with other agents will be demonstrated using the data of Okada et al. (1972) . These investigators measured TTS following brief exposure to noise, exposure to whole-body vibration, and exposure to both agents. TTS was measured at both 1000 and 4000 Hz. The mean results at both frequencies appear in Fig. 9 for each exposure condition. Predictions of the modified power-law model for P --0.1 for the combined exposure are also indicated in this figure by the closed and open diamonds. These model predictions provide a good description of the data.
The modified power-law model can be applied to similar sets of data to determine whether the combined exposure to two ototraumatic agents differs from the simple sum of the effects measured in isolation. The model, however, is limited in application to agents producing a measurable threshold shift. If either agent acting alone fails to produce a threshold shift, then the model simply maintains that the combined effect should be no greater than the effect of the single threshold-elevating agent acting alone. So-called "synergistic" interactions between agents, in which neither agent produces a threshold shift in isolation but the two agents do so when administered in combination, is clearly a case in which the interaction is greater than predicted by the nonlinear model described in this paper. It should be noted, however, that other nonlinear models can account for such synergistic types of interactions (Penner and Shiffrin, 1980) . We have examined several data sets containing beha- A more severe limitation of the proposed model of additivity, or any algebraic model ofadditivity, is that it is insensitive to order effects in the administration of two ototraumarie agents. Humes (1984) noted that several studies of the interaction of noise and kanamycin, for example, have observed interactions that were dependent upon the sequence in which the two agents were administered. Ifnoise exposure A and drug treatment B each produce permanent threshold shifts ofX dB, then the order in which they were produced for sequential administration of the agents has no bearing on the amount of threshold shift predicted for the combination of agents. The same total effect is predicted for the noise exposure preceding the drug administration or for the drug administration preceding the noise exposure or for simultaneous administration of both agents.
In spite of these limitations, we have demonstrated that the modified power-law model provides a more accurate prediction of the combined effects of two threshold-elevating ototraumatic agents than previous models. The power-summation model tends to underestimate the observed interaction, whereas the dB-sum model typically overestimates the interaction.
